ANALYSIS OF THE GEOTROPIC ORIENTATION OF YOUNG RATS. VIII by Crozier, W. J. & Pincus, G.
ANALYSIS OF THE  GEOTROPIC  ORIENTATION OF YOUNG 
RATS.  VIII 
BY  W.  J.  CROZIER  AND  G.  PINCUS 
(Rrom tke Laboratory of General Pkysiology, Harvard University, Cambridge) 
(Accepted for publication, April 7, 1933) 
I 
Characteristic differences have been demonstrated among the curves 
representing for each of a number of well-inbred strains of rats the rela- 
tion between the angle (0) of upward, geotropically oriented progression 
upon an inclined surface, and the slope of the surface (a).  For a given 
race, at standard age (13 to 14 days), this curve is a reproducible prop- 
erty  (Crozier  and  Pincus,  1931-32a).  Adequate  indications  have 
been obtained as to the genetic character of the differences which serve 
to contrast diverse races in this respect (Crozier and Pincus, 1929-30a 
and b; 1931-32 c).  The variation of performance (i.e., of 0) is also a char- 
acteristic property (Crozier and Pincus, 1929-30a; 1931-32 a); at equal 
magnitudes of performance it is not affected by the carrying of addi- 
tional loads such as modify the speed of creeping and the magnitude 
of the gravitational pull experienced and thus influence the extent of 
the oriented response (Crozier and Pincus,  1931-32 b, c).  The total 
amount  of variation of 0 may be influenced, as by the injection of 
adrenin, but the proportion of this total which is susceptible to control 
as a function of the slope of the surface seems not to be affected (Cro- 
zier and Pincus, 1932-33). 
It is important to determine whether these characteristic differences 
among the strains of rats examined are retained during growth, or are 
instead  dependent upon  age.  Suitably prepared  adult  rats  exhibit 
upward geotropic orientation such that 0 continues to be a  definite 
function of slope (a)  of surface (Upton and Stavsky,  1932; Crozier, 
Pincus, and Stavsky, in press).  The inquiry has two immediate as- 
pects: Are the curves (0 vs. a)  for the several races typically diverse 
when the performance of adult rats is measured? And, do the indices 
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of variation, that is, the measures of variability  (Crozier, 1929), change 
with age or with experimental treatments? 
With young rats, of race A, total variation of performance is increased 
after intraperitoneal injection of adrenin, although the fraction of the 
total  which is controlled by the intensity of excitation is unaltered 
(Crozier and Pincus,  1931-32 a); since the relative variation of per- 
formance has been  correlated  (Crozier  and  Pincus,  1931-32 c)  with 
the total number of functioning sensory units involved in the excitation 
by gravitational pull, it should be possible to test the notion that the 
"total number of sensory units" may be a characteristic feature of the 
race (genotype), independent of age.  The consideration of 0 permits 
comparisons  among  results  under  conditions  such  that  the 0  vs.  a 
curve is markedly altered.  The a  priori  reasons for expecting that 
a/8 should be a function of 0 have been considered previously (Crozier 
and Pincus, 1926-27).  In the present case we desire to deal with the 
alteration of the ~a  curve which may be induced in the performance 
of adult rats of race A following injection of adrenin.  With young rats 
so treated with an appropriate dosage (1)  the threshold slope of sur- 
face for the evocation of gravitationally oriented creeping is lowered, 
and (2) the extent of upward orientation on surfaces of higher slopes is 
increased, except at  the very highest usable inclinations.  If the in- 
dices of variability are unaffected by age or by experimental modifica- 
tion of the 0--a graph, potent evidence is given that the capacity for 
variation of performance under these conditions is a genetic invariant. 
II 
Adult rats of race A were prepared for observation by being fed after 
creeping upward upon an inclined runway  (cf.  Upton and  Stavsky, 
1932).  The inclination (a) of the runway was varied irregularly dur- 
ing the period of preparation,  12 to 14 days in duration; two feeding 
intervals were used on each day.  The only detectable outcome of the 
procedure is suppression of the effects which in the case of an unpre- 
pared  adult  rat  allow it  to  creep  at  random  (although very rarely 
indeed downward). 
The two series of experiments here discussed were carried through 
after considerable experience with other groups of adult rats.  Adre- 
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TABLE  I 
Mean orientation angles (0) for adult rats, race A, at various slopes of surface 
(a); N  =  4 individuals, n  -- 45 observations, at each slope. 
Order of observation  a  Om  P'E'o  m 
7 
1 
10 
2 
16 
12 
3 
8 
4 
15 
9 
13 
5 
14 
11 
6 
degrees 
15 
20 
25 
30 
35 
40 
45 
55 
60 
70 
degrees 
59.04 
75 
80 
62.20 
62.80 
63.56 
63.93 
66.06 
67.79 
70.98 
73.49 
77.14 
78.68 
77.81 
78.07 
81.53 
80.44 
82.94 
degrees 
-4-1.23 
1.48 
1.45 
1.25 
0.955 
1.07 
0.964 
0.957 
0.837 
0.709 
O. 714 
0.711 
O. 781 
O. 482 
O. 781 
0.518 
TABLE  II 
Mean orientation angles (e,,) for adult rats of A strain, following intraperitoneal 
injection of 0.5 cc. of adrenalin chloride 1:100,000; trails taken ½ hour to 1 hour 
subsequent to injection.  N  =  4 individuals, n  =  45 observations, at each slope. 
a  Om  P.E.Om 
d$gr  t.e3 
12.5 
15 
20 
30 
40 
55 
65 
80 
dsgg6$$ 
58.94 
62.05 
64.00 
67.63 
72.35 
77.30 
81.30 
82.67 
degrees 
±1.4O 
1.25 
1.05 
0.997 
1.08 
0.694 
O. 587 
0.600 
intraperitoneally, 0.5  ml.  being injected ½ hour  to  1  hour  before  the 
recording of trails made  upon the inclined plane  (Crozier and Pincus, 
1931-32a).  The  temperature  was  20-22°C.  throughout.  As  with 886  GEOTROPIC  ORIENTATION.  VIII 
the young A  rats  (Crozier  and  Pincus,  1932-33), spontaneous pauses 
in creeping are fewer and of shorter duration  following the injection 
with adrenin, and progression is considerably accelerated. 
Data  upon  the  orientation  of uninjected  adult  A  rats  (Series  I) 
are given in Table I.  The two determinations obtained at a  =  30  °, 
one at the beginning and one at the close of the observations, show by 
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FIo. 1.  Mean orientation angles (0) for adult rats of race A, Series I; N  ffi 4 (2 
9 9,2 @  c~), n ffi 45; data in Tables I and II. 
their  close agreement  that  there  is no  progressive  "training"  effect 
during the measurements; this has also been tested thoroughly in other 
sets of observations.  These figures are plotted in Fig. 1. 
When injected with adrenalin  1 : 100,000, 0.5 ml., intraperitoneally, 
these individuals gave mean orientation  angles as listed in Table II, 
also plotted in Fig. 1. W.  J.  CROZIER  AND  G.  PINCUS  887 
III 
The curve of 0  vs. a for the uninjected adult A rats is quantitatively 
different from that for adult K rats (cf. Crozier and Pincus, 1931-32  a; 
Upton  and Stavsky,  1932; Crozier, Pincus, and Stavsky, in press), 
but is of the same general nature so far as concerns its contrasts with 
the corresponding curve for the young individuals of the same strain 
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Fro. 2. The relative variation of orientation is the same for adults of race A, 
at equal magnitudes of performance, with adrenin injection (open circlets) or 
without. 
(Crozier and Pincus,  1931-32 a).  The threshold a  is lower, and  the 
curve's shape is different.  The characteristic "break" near its upper 
end is present.  This, as in the case of the curve for young guinea pigs 
(cf. Upton, 1931-32), is due in the adult rats to the incidence of a differ- 
ent mode of progression, namely galloping, which involves a different 
disposition of gravitationally induced pulls upon the legs as compared 
with the creeping on  surfaces of lower slopes.  As with the  young 888  GEOTROPIC  ORIENTATION.  VIII 
A's, the faster creeping subsequent to injection of adrenin brings about 
orientation at a  lower a, and a general sideward displacement of the 
0-a curve.  At the new threshold slope of surface, however, the thresh- 
old response (0) is unaffected. 
We are specifically interested in the variation of performance.  As 
shown in Fig. 2, P.E.0/0 is a declining rectilinear function of 0, as with 
various  assemblages  of young rats  (Crozier and  Pincus,  1929-30b; 
1931-32 c).  The total observed variation (the area under the graph) 
is 95.8  units,  corrected for N  and for n  (Crozier,  1929;  Crozier and 
Pincus, 1931-32 b).  This is slightly higher than with the young rats 
(86 units).  But the fraction of this total which is modified as a func- 
tion of 0 is 56.1 per cent.  This is identical with the value established 
for the young A  individuals  (Crozier  and  Pincus,  1931-32d),  with 
adrenin or without. 
The variation data for 0 from the rats injected with adrenin are also 
given in Fig. 2.  N  and n are the same for both sets, so the two series 
are  directly comparable.  Within  limits  set  by  the  fact  that  each 
P.E.0, is subject to a standard deviation proportional to its own mag- 
nitude, the indices of variation with and without adrenin are identical. 
In this respect the effect of adrenin upon the variation of orientation 
angle differs from that observed in the young A rats.  There, the total 
variation was markedly enhanced (86 units normally to 127 units with 
adrenin), although the fraction modifiable was unaffected.  It is  as 
if factors connected with the ordinary orienting performance of the 
adults were a little more complex than with the young; this might be 
merely a  consequence of faster progression and speedier orientation, 
or of the different posture of the legs in the adults.  There is a slight 
and probably quite non-significant decrease of variance of 0, at con- 
stant a, with the progress of a succession of tests in the case of adults 
(cf. Table I, e.g.) which might be significant in this connection if real. 
The action of adrenin in the young  A rats is to make the orientation proc- 
ess, at given O, a  little less sure and  certain, the modifiable and  the 
unmodifiable moieties being equally affected, as might be  the  case if 
there were a  slight  and more or less irregular increase in  muscular 
tonus in the legs.  This is not at all apparent in the data for adults in 
Table I. 
The variation here dealt with differs from that apparent in (young) W.  J.  CROZIER  AND  O.  PINCUS  889 
hybrid rats (Crozier and Pincus, 1931-32 e), where very complex (but 
analysable) effects are in evidence.  We do not as yet know whether 
the peculiarities of our hybrid rats are continued into their adulthood; 
and it will be peculiarly interesting to see whether the increased varia- 
tion of 0 which they show, and their lower proportionate modifiable 
variation, will respond to the injection of adrenalin in the fashion here 
disclosed. 
IV 
Since the dosage with adrenin was rather low in Series I, and since 
we desired to see if very marked increase in the dosage might not in- 
crease the general variation of O, a second set of experiments was made 
TABLE  III 
The mean orientation angles  (0)  for adult  rats,  race A  (2 ~  9,  2 o  ~ o~), normal 
and injected with adrenin. 
0  0 
a  Uninjected  Adrenin  Adrenin 
1: 50,000  1: 25,000 
degrees  degrees  degrees 
2O 
25 
35 
45 
55 
60.46 4-i .45 
61.22  4-1.24 
66.21  4-1.33 
74.30 4-0.857 
78.54 4-0. 716 
66.58 4-1.07 
71.35 -4-1.14 
76.04 4-1.05 
69.30 =t=1.23 
73.80 4-0. 869 
78.46 4-0. 740 
upon  a  slightly different plan.  After  preliminary establishment  of 
several points upon a  normal 0 vs.  a  plot for another lot of four rats, 
tests were carried out after injection of 0.5 ml. adrenalin chloride at 
dilutions 1:50,000 and 1:25,000.  The results are collected in Table 
III.  The curves in Fig. 3 demonstrate that the effect of adrenin upon 
the 0 vs.  a  graph is a quantitative one, 0 being increased at constant a 
as a function of the dosage. 
The speed of creeping after the maximum dosage used is about twice 
that in the absence of adrenin, and heavier dosages seemed imprac- 
ticable to use.  The increased speed of progression is evident on the 
inclined surface, not when the rats are on a level surface, and is thus in 
the nature of a response to gravitationally induced excitation.  Under 890  GEOTROPIC  ORIENTATION.  VIII 
the conditions imposed in Series II some effect upon variation of per- 
formance might well be expected.  Yet when P.E.0/0 is plotted as a 
function of 0 (Fig. 4) it is found that there is no divergence whatever 
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FIG. 3.  Mean orientation angles (0)  for adult rats,  race A,  Series II; N  =-  4 
(3  o  ~ o  ~, 1  9 ), n  -- 45; data in Table III.  Solid circlets, no adrenin; half circlets, 
adrenin injection, 1:50,000; open circlets, 1:25,000. 
from the relationship established for the uninjected adults in Series I 
or in Series II. 
V 
The 0 vs. a curves for the rats in Series I and II differ significantly in 
the magnitudes of mean 0.  This is a matter of the ages of the rats in 891 
~eD 
cent 
the two sets.  Nonetheless, the indices of variation are identical; for 
adults of other strains,  as we make  clear elsewhere,  the indices are 
quite different.  The  rats  in  Series I  were 51  months  old,  those  in 
Series II,  4  months  old.  The  difference between the  two curves is 
not one due to weights of individuals;  it is of interest to notice that 
whereas the weights of the males  (124 to  128  gm.)  are in  excess of 
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FIG. 4. Relative variations of orientation angles, adult A rats of Series II (cir. 
Table III and Fig. 3), are identical with the values found for Series I  (Fig. 2). 
Open circlets, Series I;  solid circlets,  Series II  without  adrenin;  qD,  adrenin 
1 : 50,000; ~, adrenin 1: 25,000. 
those of the females (106 to 109 gin.), the orientation angles for males 
and for females are identical.  This agrees precisely with the findings 
when young rats are employed.  As in the cases of the experiments 
with added weights (of.  Crozier  and  Pincus,  1931-32 b),  the  findings 
summarized in Fig. 4 would be physically impossible if the observers 
introduced errors of recording; the variability with which we deal is an 
organic property of the rats. 892  GEOTROPIC  ORIENTATION.  VIII 
From this standpoint it is evident that the proportion of controllable 
variance of orientation is an organic invariant.  We have already indi- 
cated that it may be understood as being determined primarily by the 
number of receptor units implicated (Crozier and  Pincus,  1931-32 c; 
cf.  also Wolf and Crozier,  1932-33).  The argument here derives in 
part from the independently justified use of A  (P.E.e/0)/A0 as a measure 
of the dependence of the variation of 0 upon the intensity of the excita- 
tion which 0 measures (Crozier and Pincus, 1926-27) ; and in part from 
the way in which the total variation is found to depend upon the rela- 
tive number of receptor units available (Crozier and Pincus, 1929-30 a). 
The observed resistance of the proportionate modifiable variation to 
change, and its specific association with constancy of genetic types of 
rats, are of course entirely consistent with this view--and scarcely with 
any other. 
This must not be supposed to imply that variability of orientation, 
taken as a test case for the study of "variability of behavior," will not 
be found open to modification, and indeed in various ways.  We have 
already pointed  out  (Crozier  and  Pincus,  1931-32d)  that  diverse 
answers will be obtained, in a given case, according to whether one or 
another arbitrary criterion of variation is selected whereby to measure. 
For example, if observations of orientation were to be restricted to 
one slope of surface, we should have to say (1)  that the performance 
of the adults is  less  variable  than  that of  the  young, (2)  that the 
effect of adrenin is to decrease variation of 0, in the adults, but (3) to 
increase it in the young; and no one of these statements would be in 
any useful sense correct.  The outcome of the present experiments, we 
are satisfied, is to show that methods may be developed for such stud- 
ies which will make it possible to see precisely what we mean when we 
seek to ask if a given experimental procedure or set of conditions has 
any real effect whatever upon variability of the performance of an 
organic system.  Such methods depend upon the measurement of vari- 
ation as a  function of significant variables,  and they are  important 
for a diversity of reasons (cf.  Crozier, 1929). 
SUMMARY 
The upward geotropic orientation (angle 0)  of adult rats  (race A) 
has been measured as a function of slope of substratum.  The relative W.  J.  CROZIER  AND  G.  PINCUS  893 
variation of orientation angle is a  declining rectilinear function of 0. 
The  fraction  of  the  total  observable  variation  of  performance  (0) 
which is controlled by the intensity of excitation (56 per cent) is identi- 
cal with that found for young rats of the same strain,  although the 
total variation is a little greater. 
Injection of adrerdn distorts the 0 vs.  o~ graph in a  manner quite 
concordant with the effect obtained in young rats.  With the adults 
the absolute magnitudes of the variations of 0, at corresponding intensi- 
ties of excitation, are not affected by the action of adrenin, and,  as 
with the young, the proportion of modifiable variation of 0 is not al- 
tered.  The variability of performance, considered as a function of the 
performance, must  therefore  be  regarded  as  an  organic  invariant. 
Certain consequences of this finding are referred to. 
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